Insect adipokinetic hormones: release and integration of flight energy metabolism.
Insect flight involves mobilization, transport and utilization of endogenous energy reserves at extremely high rates. Peptide adipokinetic hormones (AKHs), synthesized and stored in neuroendocrine cells, integrate flight energy metabolism. The complex multifactorial control mechanism for AKH release in the locust includes both stimulatory and inhibitory factors. The AKHs are synthesized continuously, resulting in an accumulation of AKH-containing secretory granules. Additionally, secretory material is stored in large intracisternal granules. Although only a limited part of these large reserves appears to be readily releasable, this strategy allows the adipokinetic cells to comply with large variations in secretory demands; changes in secretory activity do not affect the rate of hormone biosynthesis. AKH-induced lipid release from fat body target cells has revealed a novel concept for lipid transport during exercise. Similar to sustained locomotion of mammals, insect flight activity is powered by oxidation of free fatty acids derived from endogenous reserves of triacylglycerol. However, the transport form of the lipid in the circulatory system is diacylglycerol (DAG) that is delivered to the flight muscles associated with lipoproteins. While DAG is loaded onto the multifunctional insect lipoprotein, high-density lipophorin (HDLp) and multiple copies of the exchangeable apolipoprotein III (apoLp-III) associate reversibly with the expanding particle. The resulting low-density lipophorin (LDLp) specifically shuttles DAG to the working muscles. Following DAG hydrolysis by a lipophorin lipase, apoLp-III dissociates from the particle, regenerating HDLp that is re-utilized for lipid uptake at the fat body cells, thus functioning as an efficient lipid shuttle mechanism. Many structural elements of the lipoprotein system of insects appear to be similar to their counterparts in mammals; however, the functioning of the insect lipoprotein in energy transport during flight activity is intriguingly different.